Abstract -This paper describes the design and development of a system for cardio rehabilitation of patients that suffered a myocardial infarction. The proposed solution focuses on exercise prescriptions and the encouragement of healthy behaviors. The innovative strategy of the design takes into account health promotion models to provide safe, assistive exercise training sessions, personalized feedbacks, and educational contents.
I. INTRODUCTION
HE healthcare industry is increasingly consumerdriven. The 1st Word population is ageing and the previsions indicate that costs in health care will progressively grow [1] . Experts in the area propose new paradigms for a new sustainable approach of care that focus on the improvement of quality of services and cost reductions. In these new models two aspects are important: the use of technology and the promotion of self management for care delivery [2] . Personalized Health Systems (PHS) are the novel solutions that promise changes in the future heath care systems, posing the challenge on how the use of technology can actually facilitate patients' engagement and empowerment. In many cases the lack of commitment is caused by insufficient information or a wrong approach in its delivery [3] .
Health promotion models consider education as a fundamental "cue to action" that can improve the perceived threat or condition and promote behavioral changes. However, nowadays, even if technologies facilitate the "health information era", there are still barriers that jeopardize the citizens' perception of usefulness of the available information (e.g. social factors, understanding of the information, and difficulty of use). The real key of education and information delivery is not the technological data flow, but how this data is shown to the user. This paper presents the design and development of a cardiac rehabilitation system for post myocardial infarction (M.I) patients (Guided Exercise). The system has been developed in the context of the European funded project HeartCycle [4] , and focuses on guiding patients through the whole rehabilitation process by means of exercise prescriptions and educational strategies that promote exercise habits and changes in their lifestyle. The implemented design follows a new approach that intends to facilitate post M.I. patients' participation in their recovery process through the personalization of the information and offered services.
II. METHODOLOGY
Since cardio rehabilitation has multifactorial components the problem has been tackled following a holistic approach [5] . A multidisciplinary team formed by cardiologists, nurses, psychologists, engineers and software developers has been involved in the project in order to collaborate during all the phases of the system design. Models, specifications and the final system have been validated both with medical experts and final users. The design process has comprised four phases (research, modeling, development, and validation) that have been accomplished in an iterative way [6] . In total, five iterations have been completed in order to achieve the final design.
During the research phase a comprehensive state of the art in cardio rehabilitation has been performed, including the revision of clinical guidelines [7] and the analysis of the rehabilitation processes in three European countries (Spain, Germany and United Kingdom). This study led to the identification of the basic activities to be included in a cardiac rehabilitation program, namely medical evaluation, exercise prescription exercise, provision of education, and counseling of the patient with cardiac disease. Additionally, two protocols were selected as the reference model for the development of the system: the exercise program that currently is prescribed in the German rehabilitation clinics and the Heart Manual program of NHS Lothian in United Kingdom [8] designed to support the rehabilitation thought education and health behaviors promotion. In this sense, health belief models [9] have been taken into account in order to create a model that better promotes the exercise program, education and health behaviors. Engineers and medical experts worked together to identify the so-called "patients' desired behaviors", that represent health comportments that patients could achieve by using the system.
The modeling phase required the use of two methodologies: Agile [10] and Goal Centered Design [11] [12] . The first one has been applied to close the model specification (e.g. exercise program and coaching strategy) while the second one has been used to define the user interaction parameters (e.g. personas, scenarios and key paths of the user interaction).
Finally, the development and validation phases have involved the implementation of five different prototypes of the system that have been subsequently assessed by experts and final users (patients and professionals).
III. RESULTS
The final system is a technological platform that supports a complete cardiac rehabilitation program especially focused on the physical training. The complete exercise program has been defined by health professionals and has a complete duration of six months divided in three different phases. It supports two types of exercises: endurance (walking, running or cycling) and resistance, although only the first type is monitored by the system. At the same time, the program is complemented with a behavioral change strategy based on the Heart Manual approach [8] designed to indentify patients' beliefs about their illness and help them to identify behaviors or lifestyle risks associated with these beliefs. Using different approaches, patients are empowered to change their behaviors. Additionally, the program tailors the educational material and the coaching strategy to the specific patient's individual knowledge level, self confidence, and progress.
Although the final design includes both Patient and Professional's systems, the novelty resides on the Patient's one that has been conceived to guide them during the whole rehabilitation process while empowering them to self manage their own disease (Fig.1) . The Professional system is used by medical professionals to prescribe a care plan basically composed by a personalized exercise program. The system also supports patients' initial assessment, provides a set of visualization tools to monitor their progress, and generate alerts in case of medical complications.
The Patient system includes two sub systems: the Portable Station and the Patient Station. The first one is a mobile device or PDA (current used model is HTC s200) complemented with a wearable sensor used to gather biomedical information during the exercise sessions (2 leads ECG, heart rate, and respiration rate). During these sessions, patients' vital signs are monitored by the sensor and transferred to the PDA via Bluetooth, while they receive, though the Portable Station, continuous guidance, instructions and personalized feedback to ensure that they train following the recommendation of the medical professionals in a safe way.
Before starting a session, the system checks the patients' medical condition using the blood pressure values and the answers of a basic questionnaire. Then, patients are asked to put on the wearable sensor and select the type of endurance exercise that they wish to perform (walking, running or cycling). The exercise itself includes three phases (warm up, core and cool down), each of them with specific target values of heart rate.
The Portable Station has been developed to promote the use of the system for exercising that is the core behavior of the rehabilitation program. During the exercise, patients are continuously supported by the system that guides them to perform the sessions in a safe and personalized way. Using the Portable Station and the wearable sensor, patients are able to follow the protocol defined by the medical experts. The system continuously checks the heart rate values and provides patients with feedback and instructions (e.g. speed up, slow down, etc.) that help them to reach and maintain their parameters in the proper range. This is done using diverse interaction modalities (e.g. graphical user interface screens, sounds and vibrations) that ensure that patients receive appropriate instructions to accomplish the planned exercise sessions.
At the end of the session patients report the level of exertion using the Borg's scale [13] and the level of enjoyment. The Portable Station evaluates the global session and provides a scoring to the exercise session. All the information gathered during the endurance training sessions is used to personalize the feedback messages about exercise progress according to the plan that medical experts personalized for each patient, and it is also transferred from the Portable Station to the Patient Station using the USB protocol.
The Patient Station is a PC based system (it runs on a tablet PC, using Java 6.1) that patients can use to check and personalize their exercise plan, analyze their performance and progress, and receive feedback and educational information. It includes a messages system that, based on personalized feedbacks, provides patients with information to help them following their training program. Through these communications, patients are able to access to their care plan, planned exercises, results and progress. The messages have been designed and scheduled in a time line according to the educational strategy defined by medical experts. The following types of messages have been defined: • Messages to inform about the exercise plan prescribed by the doctor. These include information like type of exercise, duration, scheduling, or safe values of heart rate.
• Technical instructions to facilitate the use of the system (e.g. synchronization between the Patient Station and the Portable Station, how to wear the shirt, how to place the sensor, etc.).
•
Feedbacks about the exercise sessions (e.g. daily results, weekly progress and global progress).
• Educational tips, a scheduled delivery of recommended educational content that has been selected by medical experts. The Patient Station supports the exercise sessions offering patients detailed information about their progress and performance. The Results of the monitored session can be seen by individual session, on a weekly basis and as global progress. Moreover, a reward strategy has been built taking into account the global performances and the adherence to the exercise program. Special attention has been paid to the design and presentation of the information in order to motivate the patients and help them to complete their recovery process.
The system also incorporates an Educational Content Repository specifically selected by health professionals to promote some of the previously identified behaviors on patients (e.g. helping them to understand their health condition and the benefits of exercising). The majority of this content has been based on the information included in the Heart Manual created by NHS Lothian [8] and includes, among others, comprehensive information about the exercise, technical instructions for using the system, medical information about the disease and its causes, modifiable risk factors, and life style changes. This educational material is complemented by a set of Misconception Questionnaires, which are used to identify false beliefs of the patients about the exercise and the disease and try to educate them toward the right concepts. The system analyses patients' wrong answers and provides them with suggestions or tips for reading specific educational material (included in the Educational Content Repository) that can help them to increase their knowledge and eliminate the misconceptions they had. Finally, the whole system includes a virtual assistant or Avatar as an additional tool to provide patients with tips and suggestions that can help them to use the system during their recovery process. From the technical prospective, most parts of the education and motivation business logic has been developed using the following libraries: Drools (the expert system has been used to set up the feedbacks messages), JBPM (on top of the Workflow engine a User Interaction Workflow engine has been coded) and JChart (for data visualization).
Although the core of the system is the medical prescription of exercise, it is complemented with an educational and motivation strategy designed to promote certain desired behaviors. In total seven desired behaviors have been defined, all of them focused on highlighting the importance of the cardiac rehabilitation and especially the physical exercise:
• The Patient starts using the system.
• The Patient performs exercise using the system.
• The Patient understands the benefits of exercising.
• The Patient intensifies the exercise program and start exercising also without the system.
• The Patient has general knowledge about cardiovascular diseases (CVD), heart attack and risk factors.
• The Patient selects topics that are related with reduction of risk factors and learn practical tips to control them.
• The Patient continues exercising and applies the selected healthy behavior even without using the system. For each desired behavior, the strategy defines certain activities designed to guide patients towards its achievement, as well as the specific software tools to effectively implement each task. The strategy even considers specific situations where a desired behavior cannot be achieved. The following table shows the behaviors that have been taken into account during the design of the guided exercise system, along with the associated activities and software tools (Table1). The set of tools used to promote the previously described behaviors are included both in the Patient Station and Portable Station (e.g. reminders, feedbacks, tips, questionnaires, information, and educational material).
IV. DISCUSSION AND CONCLUSION
Each of the five developed prototypes obtained as an outcome of the followed iterative process has been validated both with experts and final users (patients and professionals) by means of interviews and questionnaires. The results of this intermediate assessment process have been very positive and the outcomes have shown high rates of acceptance for the proposed solutions. The last version of the system has been evaluated with 11 patients in the Castle Hill Hospital of Kingston Upon Hull (United Kingdom). The outcomes showed that more than 80% of the participants considered the system helpful for managing their disease, thought that it could help them to exercise and were willing to use it (Fig. 2) .
In the second half of 2011 this final system will be extensively evaluated in a clinical study where medical professionals intend to measure the benefits of this program compared with the standard rehabilitation process. At the same time the reliability of the defined education strategies to promote the self-behaviors will be validated using the following metrics: a) acceptability and usability of the system; b) improvement of the perception of illness, one indicator of how patients understand their medical condition; c) level of knowledge about exercise and disease; and d) exercise habits, before and after the study.
The approach that has been followed for the development of the described cardiac rehabilitation system opens a new way to develop personalized system for health care. The presented method implies more complexity on the system design, not only for the required technology (in this case, the exercise monitoring) but also on the information delivery and personalization. Its main innovation is the followed methodology, built as result of the harmonization of different knowledge domains (medical, software design, psychological, educational, user interaction, data presentation), as well as the focus on the provision of a reliable, understandable and useful support for post myocardial infarction patients during the cardio rehabilitation process.
This new approach change the focus of the care service from mere tele-monitoring platforms to behavior oriented systems in which patients are empowered. Providing healthcare systems with this kind of tools designed to promote healthy behaviors is expected to increase the patient engagement and participation in their disease management.
